Introductlon
Supplementation of Aspergillus uryzae (AO) increased DM digestibility of highconcentrate diets through enhanced fiber digestion (Van Horn et al., 1984; Weidmeier et al., 1987; Gomez-Alarcon et al., 1990) . Moreover, higher fatcorrected milk yields resulted from feeding A 0 to lactating dairy cows (Harris et al., 1983; Marcus et al., 1986; KeIlems et al., 1987) .
The objective of this study was to further evaluate effects of A 0 on milk production and milk composition, body temperatures, diet digestibility and eating patterns when 3 g of AO/d were added to diets of lactating cows at different stages of lactation.
Materials and Methods
Lactation Trial 1. Twenty-four Holstein cows in mid-lactation (averaging 145 d in milk) were used in an 84d trial from July to September 1985. During a 1 O d pretreatment period all cows were placed in experimental pens and fed a basal diet ( Table 1) formulated to meet nutrient requirements (NRC, 1978) .
Experimental pens housed 12 cows each in an open lot (600 m2) and provided 48 m2 of concrete flooring at feeders. Two shade areas in each pen measured 72 m2, one was over feeders and the other in the middle of pens. Feeding was ad libitum through electronically controlled Calan gates6 to monitor individual DMI. Cows were offered total mixed rations twice daily at 0600 and 1800 in sufficient quantity to ensure approximately 5% orts. Orts were recorded and amount of feed offered was adjusted daily. Water and trace mineralized salt blocks7 were available at all times. Cows were milked twice daily at 0500 and 1700, and milk yields were recorded every milking.
Representative samples of milk from consecutive evening and morning milkings were collected weekly from each cow, composited, and analyzed by infrared procedures at the Arizona DHIA labratory (Phoenix, AZ) for fat, protein, lactose, and total solids.
Cows were paired on the basis of pretreatment milk production and number of lactations and randomly assigned to two treatments, control (90 g ground sorghum grain/d) and A 0 (3 g A08/d + 87 g ground sorghum g r a d ) .
The experimental design was a continuous trial of 12 wk duration using pretreatment milk production for covariate adjustment of treatment means. Supplements were incorporated as top dressing to the morning feeding and seemed to be totally consumed by 1 h postfeeding. The C and A 0 cows were placed Management was similar to that in Trial 1, except the diet consisted of 40% forage and 60% concentrate (Table 1 ) and cows were housed in pens in a random manner so group water intakes were not measured. At the end of 14 d of pretreatment, cows were paired by production level and lactation number and randomly assigned to the control or A 0 treatments. The experimental design was a continuous lactation trial of 12 wk duration, and pretreatment milk production was used for covariate adjustment of means.
Milk production, DMI, milk composition, feed composition, BW, and rectal temperatures were determined as in Trial 1. Statistical analyses were conducted with BMDP (1985) procedures for the following model Yi~d = p + Ti + Lj + TL,,j + COvk + E. , @ This model accounted for the effects of the treatment (Td, lactation number (Lj), treatment x lactation interaction mj), covariate (Covd, and random error &&. Weekly measurements were also analyzed by the above models for their respective trials.
Digestion Trial 1. Twenty-two of the Holstein cows from LT-1 were used in Digestion Trial 1 (DT-1) to determine the effect of A 0 on nutrient digestibilities. Treatments, diets, and feeding management were as described for LT-1, except feeds and weighbacks were sampled daily. Throughout the 14-d digestion trial, diets were top-dressed with 24 g of Cr20dd in two 12-g doses. It was assumed that all the CrzO3 was consumed because placement was directly on top of the feed at time of feeding, followed by a small amount of mixing of Cr2O3 with the top layer of feed. Fecal grab samples were collected twice daily at appmximately 0600 and 1800 during the last 7 d of the trial and stored at -5'C until they were composited for the complete 7 d of collection. Samples of feeds, orts, and feces were dried at 55'C and ground through a Wiley mill (2-mm screen).
Chemical analyses included Cr2O3 by atomic absorption spectrometry using a multielement hallow cathode lamp at 357.9 nm after redigestion with periodic acid, percentage of DM, OM, and CP by AOAC (1984) , and NDF and ADF according to Van Soest and Robert- son (1986) .
Data were analyzed as a randomized block design using the procedures of Steel and Tome (1980) because there was no logical covariate for these data. Blocks were based on cow pairs as assigned in LT-1. The statistical model was accounted for treatment effect hd, a block effect (Bj) and random error (E&.
Digestion Trial 2. Thirty-four of the 46 cows from LT-2 were used in Digestion Trial 2 (DT-2). They were handled in three separate groups of 12, 10, and 12 each. Diet was the same as in LT-2.
A single dose of Cr2O3 (20 g/d) was given to each cow in a gelatin capsule at 0800 for 10 d. Fecal grab samples were collected once daily at loo0 for the last 5 d of the trial. Feed, orts, and fecal samples were collected and analyzed as in DT-1.
Data were analyzed as randomized blocks with blocks based on pairs as assigned in LT-2 in a 2 x 3 factorial arrangement of treatments (Steel and Tome, 1980) ; factors were two levels of A 0 (0 and 3 g/d), and three groups of cows placed on treatment at different times.
Temperature Monitoring. Six cows receiving A 0 and their paired controls from LT-2 were selected randomly and fitted with tympanic temperature probes for continuous monitoring of body temperatures. Robes remained in the cows' ears for 10 d.
The temperature transmitters9 were placed deep into the ear canal of cows and fixed in place with adhesive foam. pulse interval modulation was used for maximizing transmission life. Data were collected by a receiver and sent to a computer terminal with calibration curves for each transmitter. Data were then summarized for each cow for 24 h and results were analyzed statistically (Steel and Tome, 1980) , similarly to the model used for DT-1.
Eating Patterns. 
Results and Dlscusslon
Cow performances in LT-1 and LT-2 are summarized in Table 2 . Pretreatment milk yields were determined by analysis of variance procedures (Steel and Tome, 1980) and found to be similar (P > .lo) for control and A 0 groups. During treatment, cows fed A 0 in LT-1 produced more milk than controls at 2 (P < In LT-2 no interaction (P > .lo) between lactation number and treatment was detected for any item studied, so data for primiparous and multiparous cows within treatments were combined. Groups were again shown to be pretreatment. However, during treatment, cows fed A 0 produced 7% more milk than controls (P < .05). Feed efficiency (kg milk/kg feed DM) also was higher for cows fed A 0 (P < .lo). Higher milk yields in response to feeding similar (P > .lo) in milk production during A 0 have been reported elsewhere (Marcus et al., 1986; Walletine et al., 1986; Kellems et al., 1987) , but in those trials feed intakes of individual cows were not determined. Early lactation cows (LT-2) responded more to A 0 supplementation than those in midlactation (LT-1). This might have been related to the more highly concentrated diet fed cows in LT-2 vs LT-1 ( Table 1 ). W i l l i a m s and Newbold (1990) reported a response in milk yields to a Saccharomyces cerevisiae supple ment in cows fed high vs low concentrate.
Utah workers (Wallentine et al., 1986) demonstrated that high-producing cows in early lactation responded more to A 0 than lower producers in mid-lactation fed similar diets. Effects of fungal cultures at various production and dietary energy concentrations need clarification. Cows in LT-I consumed about 3% of their BW as DM, in contrast to about 4% in LT-2 (Table 3) . Waldo and Jorgensen (1981) calculated that variations in feed intake accounted for 50 to 75% of the differences in productivity of lactating cows.
Cows fed A 0 in LT-2 reached maximal DMI about 4 wk after treatment commenced, but control cows required 6 to 8 wk (data not shown). The faster increase in DMI may be explained by a greater stabilization in ruminal fluid pH (Frumholtz et al., 1989) or more rapid ruminal lactate uptake (Nisbet and Martin, 1989) in AO-treated vs untreated fermentations. Intakes were higher (P < .05) for cows fed A 0 than for controls in wk 4 and 5, respectively (26.4 vs 24.6 and 26.1 vs 24.4 kg/ d; pooled SEM, .71). Thus, the A 0 cows required less time after parturition than controls to maximize intakes.
No differences (P > .lo) were observed in any milk components due to treatment (Table  4) In LT-1, weekly milk production (Figure 1 ) was consistently higher for the A 0 treatment, but the greatest differences in wk 2 (P < and 8 (P e .lo) coincided with rises in ambient temperatures. Wallentine et al. (1986) reported that the largest production differences between controls and cows fed A 0 occurred when ambient temperatures were highest. Differences between treatments in weekly milk production for LT-2 ( Figure 1 ) were of greater magnitude than in LT-1, and differences between treatments were significant (P < .lo) for all weeks except 2, 10, and 11. In LT-1 and in the study of Wallentine et al. (1986) , differences between treatments in weekly milk production diminished toward the end of the experimental periods. However, in LT-2, cows fed A 0 culture produced 6 to 7% more milk than controls throughout the entire treatment
Even though cows gained weight in both studies, treatments did not differ (P > .lo) in BW gains (Table 4) . Wallentine et al. (1986) reported that greater weight gains (270 vs 390 g/d) resulted from feeding A 0 compared with control diets.
period. A similar trend was shown for LT-2. When considering rectal temperatures in LT-1 for individual weeks, cows fed A 0 were lower (P < .05) for four of ten weekly determinations (Figure 2 ). Treatments did not differ (P > .lo) for other weeks. In LT-2, which was conducted from January to September, rectal temperatures recorded before June 16 always averaged below 39'C, indicating thermal neutrality (Anderson, 1977) .
Diurnal temperature curves determined in the inner ear were parallel for treatments. Cows fed A 0 averaged about .3"C less than cows fed C, except for early morning hours when ambient temperatures were lowest (Figure 3 ). This trial was conducted in late spring, and attempts to repeat the test during hotter weather failed due to malfunction of equipment. Reduced temperatures from feding the A 0 culture were not always consistent in this study but have been observed previously (Huber and Higginbotham, 1985; Marcus et al., 1986) . If the effect is real, it might have an etiology similar to that of the decrease in by on July 22, 2009. jas.fass.org Downloaded from temperature noted in cattle given A. fzavus by Mertens (1977) . Under thermal stress, thermoregulatory centers of the hypothalamus are more sensitive to drugs that cause hyper-and hypothermia than at moderate temperatures (Meyers, 1974) . The 10% higher water consumption of treated cows in LT-1 might also have affected body temperatures, but we found no data in support of such a relationship. Further research is needed to define the role of fungal cultures in thermoregulation.
Digestion coefficients for all feed components in DT-1 did not differ (P > .lo) between treatments (Table 3) . Twice-instead of oncedaily sampling of feces in DT-2 may have been preferable, as indicated by slightly higher SEM for DM. OM, and CP digestibilities in DT-2 than in DT-1, but resources prevented more frequent sampling because of the large number of cows per treatment. In DT-2, digestion coefficients for all components were lower than in DT-1 (Table 3 ) despite a higher proportion of concentrate in DT-2. This was probably caused by higher intakes by cows in Tyrrell and Moe (1975) suggested a decrease of 4% DM digestibility for every increment in maintenance intake.
In DT-2, feeding of A 0 culture resulted in increased (P < .05) digestibilities of DM, OM, CP, NDF, and ADF, despite higher intakes on the A 0 diet during the conduct of DT-2 compared with DT-1. These results are in agreement with other in vivo studies (Van Horn et al., 1984; Weidmeier et al., 1987; Gomez-Alarcon et al., 1990) and in vitro studies (Gomez-Alarcon, 1990) . Eating patterns showed no differences due to treatment in meals per day (9.0), total eating time (3.6 h), eating time per meal (24.4 min), or feed per meal (2.5 kg). Eating behavior was studied because cows fed A 0 achieved maximal intakes more rapidly after parturition and had less day-to-day variation in intakes than cows fed the control diet. However, no treatment differences (P > .lo) in feed intake were observed during "eating pattern" observations, which may explain the lack of difference in eating behavior.
DT-2 (4% Of BW) than in DT-1 (3% Of BW).
lmpilcatlons
Results of this study suggest that Aspergillus oryzae fermentation extract positively affects milk production, but magnitude of response was greater in early than in midlactation. However, our data failed to separate diet and production level effects. The improved nutrient digestibilities observed from feeding Aspergillus oryzae fermentation extract to early lactation cows were associated with increased milk yields.
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